the needle was advanced into the PA sac. Once inside the sac, color flow imaging was used as a means of monitoring the thrombin injection heralded by increased turbulence in the PA. Thrombosis of the sac was documented by means of loss of color flow and formation of thrombus within the PA sac and a loss of Doppler scanning signals in the PA. On completion of the procedure, the patients were maintained on bed rest for 4 hours, then given bathroom privileges that day. All PAs were re-imaged within 24 hours of injection. Those PAs that persisted were reinjected in a similar fashion. Attempts were made to obtain ultrasound scanning imaging at 1 week and 1 month after thrombosis of the PA. The etiology of the PAs, success rate of thrombin injection, and complication rates were all reviewed. These data were then compared with the similar data from PAs treated with DGC.
RESULTS
A total of 155 pseudoaneurysms were diagnosed with duplex scanning imaging in the 31-month study period. Eight patients were removed from the group, including five with lesions involving the upper extremity, one with a PA caused by a remote gunshot wound, one with a PA complicating a total knee replacement, and one with an infected PA. Of the remaining 147 PAs, DGTI was not attempted for a variety of reasons (Table I) in 16 cases, leaving 131 iatrogenic PAs of the lower extremity that were initially treated with DGTI. The etiologies of the PAs of the study group are listed in Table II . Interventional cardiac procedures (percutaneous transluminal coronary angioplasty [PTCA], coronary stenting, artherectomy) accounted for just more than half the PAs in the group. Successful thrombosis was achieved with DGTI in 126 PAs (96%). Nine of these patients required a second injection for incomplete thrombosis noted on follow-up imaging, and one patient required three separate injections for complete PA thrombosis. DGTI was unsuccessful in five patients. In one patient, thrombin injection was attempted in a 2-cm femoral artery PA. Ultrasound scanning visualization of the needle could not be obtained, and no thrombin was injected.
Spontaneous thrombosis of the PA was demonstrated by means of follow-up imaging 5 days later. Persistence of a 3-cm PA after two injections led to operative repair in another patient. The remaining three failures were a result of complications of the thrombin injections, including the cases of two patients with intra-arterial thrombin injec-tions and one patient with a rupture of an iliac artery PA 1 day after DGTI (Table III) .
Intra-arterial injection. The first patient was a 93year-old woman with a 2.5-cm femoral artery PA after cardiac catheterization 3 days earlier. Ultrasound scanning visualization of the needle was accomplished, and 1 mL of thrombin solution was injected. Persistent flow in the PA was noted adjacent to the femoral artery, the needle was again guided into the PA, and a second injection was performed. The operating physician noted the development of a sudden pallor in the extremity, with a loss of distal pulses and complaints of pain by the patient. An anticoagulant was immediately given, and the patient was brought to the operating room. The femoral artery was exposed and noted to have a pulse. A 5F sheath was then placed in an antegrade direction, and angiography was performed, by means of which complete occlusion of the distal popliteal artery and tibioperoneal vessels was demonstrated. Intraoperative lysis was performed (5 units of tissue plasminogen activator in 125 mL normal saline) with little improvement. An infusion guidewire was then guided into the anterior and posterior arteries, and the thrombus was laced with tissue plasminogen activator. This was followed with balloon thrombectomy via an arteriotomy at the femoral sheath site. Pedal Doppler scanning signals were noted with angiographic improvement. The operative time was 2 hours and 54 minutes, and the postoperative ankle-brachial indices were more than 1. The patient was discharged on postoperative day 5.
The second patient was a 70-year-old man with a 2.6cm femoral PA identified the same day after PTCA. Ultrasound scanning visualization of the needle was followed by injection of 0.5 mL of thrombin solution. Thrombosis of the PA was followed by loss of peripheral pulses, pallor, and coolness of the extremity. The patient was given anticoagulants and transferred to the operating room, and the groin was explored. The superficial femoral artery was the origin of the PA, and a clot was noted at the puncture site. A transverse arteriotomy was made after proximal and distal control was established. Proximal and distal thrombectomy was performed, with thrombus retrieved. On repair of the artery, pedal Doppler scanning signals were noted; the operative time was 1 hour and 35 minutes, with the patient receiving 2 units of blood intra- operatively. Postoperative ankle-brachial indices were more than 1, and the patient was discharged on postoperative day 7. Pseudoaneurysm rupture. A 3.5-cm right external iliac artery was diagnosed in an 86-year-old woman with a PA 1 day after PTCA and stent placement. The puncture site in the distal external iliac artery, which was proximal to the inguinal ligament, was identified by means of duplex scanning imaging. DGTI was performed with thrombosis of the PA. The next day, the patient became hypotensive with the new onset of right lower-quadrant abdominal pain. The patient was transferred to the operating room, where the right groin was explored. Two puncture sites were repaired, the most proximal one well under the inguinal ligament. The patient sustained a cardiac arrest during surgery and was resuscitated, but subsequently died on postoperative day 1.
DISCUSSION
DGTI can be viewed as the second generation of ultrasound scanning-guided treatment of iatrogenic PAs. Compared with DGC, the major advantages of DGTI include improved patient and operator acceptance, shorter PA thrombosis times, broader patient applications, and a higher success rate. Compression of PAs is a painful experience in patients with tender groins after femoral artery access and subsequent catheter removal with manual and mechanical compression of the puncture site. For the operator, compression is physically demanding, there is considerable wear on the transducer head, and the maneuver requires significant time demands on the imager itself. DGTI was originally described by Kang et al 2 and is essentially real-time ultrasound scanning guidance of a needle into the PA cavity. Once the needle is in position, thrombin is injected, causing thrombosis of the PA cavity, which seals the arterial puncture site. Our JOURNAL OF VASCULAR SURGERY Volume 35, Number 3 Khoury et al 519 experience with DGTI has realized all the advantages. The overall success of this maneuver occurred in 126 of the 131 patients treated (96%), which is similar to the results reported in the literature. 2, 3, 5, 6 This compares favorably to our success rate with DGC, which was 75% (successful thrombosis in 142 of 189 PAs treated; Table  IV ). Patient acceptance of the procedure is evident by reviewing the reasons for failure in each of the maneuvers (Table V) . The major reasons for unsuccessful DGC were groin tenderness in 34% (16/47) of compression failures and unfavorable local anatomy, including being too deep for successful compression in 64% (30/47) of cases. In contrast, for the five PAs that failed DGTI, three were caused by complications of the maneuver itself, including two intra-arterial injections and one ruptured PA. Local groin anatomy or tenderness did not prevent application of thrombin injection. Another advantage was the rapidity with which the PA was thrombosed with thrombin injection, all within seconds of injection. This compares favorably with the mean compression time of 44 minutes in those PAs that were successfully thrombosed with compression (142). These findings have been noted in similar comparisons in the literature. 3, 4 Other than failure to thrombose the PA, ultrasound scanning compression has not been associated with significant complications. Intra-arterial thrombin injection has been recognized as a significant complication of DGTI, resulting in limb-threatening ischemia. 7 In our experience, two instances of this complication occurred in the 131 PAs treated (Table VI) . Both occurred in PAs smaller than 2.6 cm (2/54; 4%) that were adjacent to the femoral artery, with little or no neck identified. These patients were successfully treated surgically with a combination of mechanical thrombectomy and pharmacologic lysis. Similar complications have been treated with intra-arterial lysis alone, 3, 4 and there have been no reported instances of limb loss (Table VI) . Spontaneous thrombosis of iatrogenic femoral artery PAs has been documented in the literature. 8, 9 Toursarkissan et al followed 82 iatrogenic femoral artery PAs that measured less than 3 cm with ultrasound scanning surveillance. Seventy-two of these lesions spontaneously thrombosed at an average of 23 days (range, 1-125 days). Of the 10 patients who required delayed treatment for failure of the PA to resolve, there were no instances of life-threatening or limb-threatening complications during the follow-up period. This evidence and our experience support the use of ultrasound scanning surveillance for PAs smaller than 2.5 cm, especially when no neck between the PA and artery is identified. Most of these PAs will spontaneously resolve, avoiding the risk of intra-arterial thrombin injection that is associated with DGTI in lesions of this size.
There was one instance of PA rupture after successful thrombosis of an iliac artery PA. Visualization of the needle was straightforward, and thrombosis of the PA cavity was clearly demonstrated. The patient was not given anticoagulants, and no specific factor was identified that resulted in the PA rupture. It does point to the wide applicability of the maneuver in treating PAs in which the compression maneuver was not an option and surgical repair was usually performed (iliac artery and upperextremity PAs).
During the study, we started to use a biopsy guide (Civco Ultra-Pro II) attached to the transducer head. Before this, the needle was advanced into the PA cavity freehandedly, which often required multiple punctures or re-direction of the needle for ultrasound scanning visualization. The introduction of the biopsy guide has simpli-fied this procedure, allowing immediate ultrasound scanning visualization of the needle and eliminating most needle manipulations seen when the needle was advanced freehandedly.
In summary, our experience with DGTI has realized many of the advantages of this maneuver already documented in the literature, including improved patient and operator acceptance and a significant decrease in the time to PA thrombosis when compared with DGC. A higher success rate is achieved by means of including those patients with tender groins and difficult anatomy because of obesity or surrounding hematoma, the cases of whom have historically been failures with ultrasound scanning compression. The wide applicability of this procedure has led to its use in lesions not confined to the femoral artery. The only PA rupture and death occurred in an iliac PA, and the use of DGTI for these lesions cannot be recommended from this experience. Intra-arterial thrombin injection is a complication of this maneuver that was seen in 4% of the PAs that were smaller than 2.6 cm (2/54). (This experience and evidence in the literature demonstrating spontaneous thrombosis of PAs smaller than 2.5 cm support the role of ultrasound scanning surveillance in this group of patients.) The use of the biopsy guide has simplified this maneuver by eliminating many of the needle manipulations, and its use is recommended. 
